The reaction of 3-(2-cyanophenyl)quinazolin-4(3H)-one with various primary alkylamines gave 3alkylquinazolin-4(3H)-ones via an addition of the nucleophile, ring opening, and ring closure (ANRORC) mechanism. This type of reaction required hydroxy group functionality in either the solvent or reagent. When hydroxylamine was used as nitrogen nucleophile, the intermediate of this reaction was isolated and found to be an amide oxime. When ethylenediamine was used as the nucleophile, the amidine moiety of the intermediate decomposed to give a benzanilide.
3-Substituted-quinazolin-4(3H)-ones are prominent structures in the fields of medicinal and natural product chemistry. 2) Their related analogues are, therefore, attractive for potential pharmaceutical applications.
In our previous paper, 1, 3) we described that fused 3-(2-bromoethyl)pyrimidin-4(3H)-ones (1) can react with primary alkylamines to afford abnormal rearranged products (fused 3-alkyl-4-alkyliminopyrimidines (2) ) in addition to substituted 3-(2-alkylaminoethyl) derivatives (Fig. 1) . The abnormal rearranged products seemed to be as a result of a new type of Dimroth rearrangement. We also showed that one of the rearranged products had considerable antidepressant activity, comparable to that of imipramine.
In 2000, W. Szczepankiewicz and J. Suwinski reported the one-pot reaction of 2-aminobenzonitrile and formic acid to form 3-(2-cyanophenyl)quinazolin-4(3H)-one (3), instead of quinazolin-4(3H)-one, which was the anticipated product. 4) We, therefore, wondered if a Dimroth-type rearrangement with primary alkylamines could be applied to substrate 3 to afford 3-alkyl-4-alkyliminoquinazolines. Another possibility was that an addition of the nucleophile, ring opening, and ring closure (ANRORC) reaction could occur to give 3alkylquinazolin-4(3H)-ones (4) . There have already been shown that N 1 -(2,4-dinitrophenyl (or 4-nitrophenyl))inosines with primary alkylamines afford N 1 -alkyl inosines via an ANRORC mechanism. 5-9) Here we have described the reaction of 3 with primary alkylamines in detail.
First, we tested the reaction of 3 with methylamine in N,N-dimethylformamide (DMF) at room temperature. The product 4a in 56% yield was obtained with 2-aminobenzoni-trile as a side product, as confirmed by TLC (Chart 1). In the 1 H-NMR spectrum of 4a, one methyl group appeared at 3.61 ppm, one proton singlet of the pyrimidine ring appeared at 8.06 ppm, and four aromatic region signals of the 2cyanophenyl moiety of 3 disappeared. In the IR spectrum of 4a, the appearance of a lactam carbonyl band at 1670 cm Ϫ1 and disappearance of the nitrile band were observed. These results suggested that an ANRORC reaction had occurred in the reaction of 3 with methylamine. Similar results were seen when ethylamine was used to give the product 4b in 52% yield.
In addition, a reaction between 3 and n-propylamine did not proceed at room temperature, as shown by TLC analysis. Contrary to the reactions with methylamine or ethylamine, which were added as methanol or aqueous solutions, respectively, n-propylamine was used as a neat in DMF solution; we therefore assumed that a protic solvent was necessary to allow this ANRORC reaction. Addition of methanol as a cosolvent with DMF was tested to give the desired product 4c in 51% yield. We also tested combining 3 with tert-butylamine in the presence of methanol in DMF; however, no reaction occurred. Perhaps, steric hindrance of the tert-butyl group prohibited nucleophilic attack of amino functionality to 3. Furthermore, the reaction of 3 with dimethylamine did not proceed at all. We theorized that if primary alkylamines with hydroxy group functionalities (i.e. aminoalcohol) were used in this reaction, a protic co-solvent would not be necessary for this reaction to occur. The reactions of 3 with 2aminoethanol and 3-aminopropanol in DMF without methanol at elevated temperatures proved that this assumption was true; these reactions produced the products 4d and 4e in 53% and 63% yield, respectively.
Next we turned our attention to using hydrazine or hydroxylamine as nitrogen nucleophiles. When the reaction of 3 was conducted with hydrazine in DMF with methanol as a co-solvent at 80°C, the product 4f was obtained in 77% yield. In the case of hydroxylamine, benzanilide derivative 5 (62%), rather than the ANRORC product, was obtained (Chart 2). In the 1 H-NMR spectrum of 5, one proton singlet signal from the 2-H position of 3 disappeared and six protons were exchangeable with D 2 O. In the IR spectrum of 5, disappearance of the nitrile band was observed. These spectroscopic data support a reaction mechanism in which the pyrimidin-4(3H)-one ring of 3 was cleaved by nucleophilic attack of hydroxylamine at the C-2 position and the nitrile group was hydroxylaminolyzed to amide oxime. The structure of 5 was confirmed by X-ray crystal structure analysis as shown in Fig. 2 . Mass spectrometry spectrum and elemental analysis also confirmed this structure. As far as we know, this type of pyrimidine ring cleavage has not been reported elsewhere.
We then used ethylenediamine as the nitrogen nucleophile. When the reaction of 3 was conducted with ethylenediamine in DMF with methanol as a co-solvent at room temperature, the ring-cleaved benzanilide derivative 6 was obtained in 70% yield. To confirm the structure of 6, we reduced N-(2cyanophenyl)-2-nitrobenzamide 10) to give 6 along with 7 11) as a byproduct (Chart 3). All spectroscopic and analytical data of 6 formed by the reduction reaction were identical to those of 6 formed by the ethylenediamine reaction.
Considering that this reaction required hydroxy group functionality, a possible proposed reaction mechanism of 3 to 4 is shown in Chart 4. First, covalent alcoholation or hydration to the C-2 position of 3 facilitates nucleophilic attack of the amine nucleophile (I). Next, ring cleavage between C-2 and N-3 occurs to give a benzanilide derivative with prototropy (II). The amidine moiety first attacks the amide carbonyl and then replaces 2-aminobenzonitirile to give 4. In the case of hydroxylamine, the intermediate amide oxime (II) does not have enough nucleophilicity to allow attack of the amide carbonyl moiety. In addition, the 2Ј-cyano group also reacts with hydroxylamine to give the amide oxime of 5. In the case of ethylenediamine, intermediate II is rapidly decomposed before cyclization to give 6 via a 5-exo-trig cyclization (Chart 5).
To support our proposed reaction mechanism, we introduced a methyl group at the C-2 position of 3. If nucleophilic attack of the amine at the C-2 position is essential for this reaction, a methyl group here would greatly inhibit the reaction. 3-(2-Cyanophenyl)-2-methylquinazolin-4(3H)-one (8) 12) was allowed to react with methylamine in DMF (Chart 6).
Contrary to the case of 3, we observed that this reaction did not proceed at room temperature, as judged by TLC analysis. Introduction of the methyl moiety at C-2, therefore, prohibited the reaction from taking place. When the reaction solution was heated to 60°C, the product 9 was obtained in 20% yield. This rather low yield was due to side products which were indicated by TLC. Finally, we reacted 8 with hydroxylamine. The reaction did not proceed; however, the cyano group at the C-2Ј position simply hydroxylaminolyzed to an amide oxime to give 10 in 60% yield. We are currently exploring their structure-activity relationships of the reaction products for further potential pharmaceutics.
Experimental
All melting points were determined on a Yanagimoto micro-melting point apparatus, and are uncorrected. Elemental analyses were performed on a Yanagimoto MT-5 CHN Corder elemental analyzer. The FAB-mass spectra were obtained on a VG 70 mass spectrometer and m-nitrobenzyl alcohol was used as the matrix. The IR spectra were recorded on a Japan Spectroscopic FT/IR-200 spectrophotometer with nujol and frequencies are expressed in cm Ϫ1 . The 1 H-NMR spectra were recorded on a Varian VXR-200 instrument operating at 200 MHz with tetramethylsilane as an internal standard. Chemical shifts are given in ppm (d) and J values in Hz, and the signals are designated as follows: s, singlet; d, doublet; dd, double doublet; t, triplet; q, quartet; quint, quintet; br, broad; m, multiplet. Solvent systems are as follows: methylamine as a 40% methanol solution, ethyl amine as a 70% aqueous solution, and other amines as neat. Column chromatography was performed on silica gel (IR-60-63-210-W, Daiso). TLC was carried out on Kieselgel 60F254 (Merck).
The structure on X-ray analysis was solved by direct methods with MITHRIL 13) and DIRDIF 14) and refined by the full-matrix least squares method by using TEXSAN. 15) H atoms were found by difference synthesis and refined isotropically. The displacement ellipsoids were drawn with the aid of ORTEP II. 16) Most of the calculations were performed on a VAX 3100 computer using TEXSAN at the X-ray Laboratory of Okayama University.
3-(2-Cyanophenyl)quinazolin-4(3H)-one
(3) 2-Aminobenzonitrile (3.00 g, 25.4 mmol) was added to formic acid (50 ml) and the solution was stirred at 80°C for 15 h. After cooled to room temperature, water (50 ml) was added, and then allowed to stand for 3 h. The precipitate was filtered and the solid was recrystallized from DMF-methanol to give 3 (1.80 g, 57%) as colorless prisms. General Procedure for the Reaction of 3 with Primary Amines To a solution of 3 (300 mg, 1.21 mmol) was added primary amine (12.1 mmol) and the solution was stirred for the appropriate time. Water (50 ml) was added and extracted with ethyl acetate (50 mlϫ3). The combined organic layer was washed with brine, dried over Na 2 SO 4 , and then evaporated in vacuo. The residue was purified by column chromatography and/or recrystallization. 3-n-Propylquinazolin-4(3H)-one (4c) Reaction time was 10 h in DMF (20 ml) and methanol (2 ml) at room temperature. The residue was chro-matographed on silica gel. Eluate of ethyl acetate-n-hexane (1 : 6, v/v) was evaporated and the residue was recrystallized from ethyl acetate-n-hexane to give 4c (116 mg, 51%) as colorless needles. mp 82-84°C (lit. 18) 3-(2-Hydroxyethyl) quinazolin-4(3H)-one (4d) Reaction time was 6 h in DMF (20 ml) at 90°C. The residue was recrystallized from ethyl acetate to give 4d (122 mg, 53%) as colorless needles. mp 152-153°C (lit. 19) 150-152°C). 1 The crystals were grown from an acetonitrile solution by slow evaporation. This analytical sample was dried around 100°C under vacuum.
3-Methylquinazolin-4(3H)-one (4a)
Crystal Structure Analysis of 5 21) Crystal data: C 15 H 15 N 5 O 3 · 0.5C 2 H 3 N; M r ϭ333.63; monoclinic, space group C2/c (#15), aϭ11.731(6), bϭ14.589 (8) , cϭ20.04(1) Å, bϭ104.66(4)°, Vϭ3319(1) Å 3 ; Zϭ8; D c ϭ 1.370 g cm Ϫ3 . A crystal of size 0.430ϫ0.300ϫ0.500 mm was examined by using graphite-monochromated MoKa radiation (lϭ0.71073 Å). Cell dimensions were obtained from 25 reflections (19.0Ͻ2qϽ22.0°). In total 4010 reflections were measured by the w-2q scan method, and 3812 of these were unique (R int ϭ0.063). Refinements were carried out including all the hydrogen atoms except those of the methyl group of the solvent molecule by using 2859 reflections with IϾ2.00 s (I) within 2q max of 55°. Rϭ0.050, R w ϭ 0.052, Sϭ1.73. The formular unit was confirmed by the structure analysis. The solvent molecule lies on the two-fold axis in the unit cell.
2-Amino-N-(2-cyanophenyl)benzamide (6)
To a solution of 3 (300 mg, 1.21 mmol) in DMF (20 ml) and methanol (2 ml) was added ethylenediamine (730 mg, 12.1 mmol) and the solution was stirred at room temperature for 1.5 d. Water (50 ml) was added and then allowed to stand for 1 h.
